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(g) Method for manufacturing a membrane for controlled bone regeneration. 



(g) Method for manufacturing a membrane (11) 
for controlled bone regeneration at the height 
of a defect in the bone (1), characterized in that 
a digital image is made of the bone showing the 
defect for which an increase in volume is re- 
quired by means of a computer-controlled to- 
mographic scanner, in that a morphologic 
model (7) is made of this image on the basis of 
the information obtained via the scanner, in that 
a corresponding mould (9,10) is made on the 
basis of said model (7) and in that, finally, a 
relatively stiff foil (8) is provided in the mould 
(9,10) and put in the required shape with the 
help of the mould (9,10). 
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The invention concerns a method for manufactur- 
ing a membrane for controlled bone r generation at 
the height of a defect in the bone. 

The durability and success of osteo- integrated 
implants, which implants are used for prosthetic re- 
constructions in the toothless or partly toothless up- 
per or lower jaw, mainly depend on the quality and 
quantity of the bone. It is assumed that there should 
be at least 5 mm of bone around the implant and that 
the available vertical height should be at least 10 mm. 

In many cases, the bone atrophy due to extrac- 
tion, trauma or pathology is the cause of a malformed 
alveolar arch anatomy. As a result, there is not 
enough bone height and width to place implants. In 
comparison with the lower maxilla, there is more need 
for bone correction in the upper maxilla, because of 
anatomic restrictions such as the nasal passage and 
perinasal sinus, as well as from an aesthetic point of 
view, for example in the case where the patient has 
a high laugh line. 

Autogenous as well as allogenous bone trans- 
plantations are known techniques for bone raising. 
These transplantations may have the shape of a 
horseshoe, or otherwise sections may be provided 
which are fixed to the bone whether or not simultane- 
ously with the implants. Autogenous bone transplan- 
tations are disadvantageous in that the area where 
the bone is taken from sometimes causes more post- 
surgical discomforts to the patient than the implant 
area. Both autogenous and allogenous bone trans- 
plants have varying results. The shape of the raised 
alveolar arch is difficult to improve, which results in 
aesthetic disadvantages in the upper jaw. 

Another method for bone raising consists in the 
use of membranes for controlled bone generation. 
Such a biocompatible membrane may consist of poly- 
tetrafluoroethylene such as Gore-tex (W.L. Gore, 
Flagstaff, Arizona), of titanium foil or of polyurethane. 

The regenerating effect with such membranes is 
based on the creation of a blood clot in the immediate 
vicinity of the required bone regeneration. The mem- 
brane encloses said blood clot and prevents the pen- 
etration of regenerating fibrous tissue in the area 
which is stabilized by the membrane. In a crater- 
shaped defect may also be provided hydroxyfapatite 
granules. Osteogenetically active cells will form new 
bone under the membrane. The membrane itself may 
be either or not reabsorbable. 

If a relatively large volume needs to be regener- 
ated with bone, a stiff material should be used for the 
membrane which needs extra support, usually from 
an implant 

The use of a titanium implant in combination with 
such membranes appears to have more advantages 
in that the titanium surface has osteo-conductive 
qualities. Also, the combination of membranes with ti- 
tanium may strongly advance the bone regen ration. 

Up to now, such membranes are cut up during the 



surgery operation, so that they can be more easily re- 
formed so as to fit up closely with the surrounding 
bone surface. 

As a result, the useful size of both the membrane 

5 and the bone defect to be regenerated is restricted to 
filling up craters or bone raisings of limited size. When 
adjusting a membrane, one has to be very careful not 
to create any sharp angles while cutting and bending 
it. Sharp protrusions may perforate the soft tissues 

10 during the healing process. 

The invention aims to remedy these disadvantag- 
es by providing a method which allows for a pre-sur- 
gical manufacture of the membrane. A membrane 
manufactured in this manner makes it possible to 

15 treat bigger defects and even allows for general bone 
raising. The membrane made according to this meth- 
od fits perfectly and makes it possible to obtain the 
ideal volume increase of the bone. The use of such a 
membrane which is manufactured before the surgery 

20 makes it possible to save time and increases the pa- 
tient's comfort. 

The method for manufacturing a membrane for 
controlled bone regeneration at the height of a defect 
in the bone according to the invention is characterized 

25 in that a digital image is made of the bone showing the 
defect for which an increase in volume is required by 
means of a computer-controlled tomographic scan- 
ner, in that a morphologic model is made of this image 
on the basis of the information obtained via the scan- 

30 ner, in that a corresponding mould is made on the ba- 
sis of said model and in that, finally, a relatively stiff 
foil is provided in the mould and put in the required 
shape with the help of the mould. 

Thus, a carefully pre-shaped membrane is ob- 

35 tained in a quick manner which only has to be placed 
on the bone afterwards by means of surgery, on top 
of the defect Before the membrane is applied, the 
cortical bone is perforated in different places so as to 
make sure that there is enough bleeding under the 

40 membrane. After a waiting period of for example six 
months, the membrane can be removed. 

The image of the bone showing the defect for 
which an increase in volume is required can be made 
by scanning the defect and by processing the digital 

45 data obtained via said scanning in a digital manner. 

In case of a unilateral defect the intact side is 
scanned and the digital data of the intact area ob- 
tained via this scanning are digitally processed into a 
mirror image. 

50 In those cases where the patient has a dental pro- 

thesis, the required increase in volume of the bone is 
preferably determined, however, before the bone 
showing the defect is scanned, the prothesis is exca- 
vated on the basal side until the surface of the exca- 

55 vat ion coincides with the perimeter of the required in- 
creas in volume, said excavation surface is cover d 
with a contrast medium such that th p rim terofthe 
required increas in volume is made visibl by the 
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scanner, and the outline of the contrast medium is 
digitally connected with th bone perimeter via digital 
processing of the scanner data. 

The excavation of the prothesis can hereby be fil- 
led again before it is scanned and put in place again. 

According to a special embodiment of the inven- 
tion, a stereolithographic model is made as a model 
for the manufacture of the mould. According to an- 
other embodiment, a milled model is made instead. 

The mould can be either positive or negative, 
whereby the foil can be put in the required shape by 
means of deep drawing, deep pressing or hydroform- 
ing. The mould can also contain a positive and a neg- 
ative part, whereby the foil is put in the required shape 
between said parts. 

According to a practical embodiment of the inven- 
tion, as foil for the membrane is used a foil made of 
either of the following materials: titanium or pofytetra- 
fluoroethylene. 

According to a preferred embodiment of the in- 
vention an implant is f ixed to the bone together with 
the membrane. 

In this embodiment, the length and the place of 
the implant can be exactly determined on the scanner 
image. The implant is then placed simultaneously 
with the membrane. The regenerating bone will then 
also osteointegrate with the implant. 

In order to better explain the characteristics of the 
invention, some preferred embodiments of a method 
for manufacturing a membrane for controlled bone re- 
generation according to the invention are described 
below, as an example only without being limitative in 
any way, with reference to the accompanying draw- 
ings, where: 

figure 1 is a schematic section of the lower jaw 
showing a defect of a patient with a dental prothe- 
sis, in a first stage of the method according to the 
invention; 

figure 2 schematically represents a two-dimen- 
sional image made by a CT scanner of the lower 
jaw from figure 1 ; 

figure 3 represents a section of a stereolitho- 
graphic model made on the basis of the scanner 
images as in figure 2; 

figure 4 represents a section of a mould made on 
the basis of the model from figure 3; 
figure 5 represents a section of a membrane 
made on the basis of the mould from figure 4, 
placed on the lower jaw from figure 1; 
figure 6 represents a section of the lower jaw 
analogous to that from figure 5, after regenera- 
tion of the bone. 

Figure 1 represents a section of the lower jaw of 
a patient whose bone 1, which is surrounded by the 
mucosa 2, shows a defect. This patient has a dental 
prothesis 3. 

In order to mak a membran for regeneration of 
the bone 1 , an image must b formed in the first place 



of the bone 1 for which an increase in volume is re- 
quired. Use is made hereby of a computer-controlled 
tomographic scanner, also called CT scanner. The 
lower jaw is hereby scanned layer after layer, for ex- 

5 ample every two millimetres, by a rotating X-ray. The 
unidimensional information is then processed by the 
scanner's computer, such that a section is obtained. 
By means of digital image processing, a three- 
dimensional image can possibly be created. 

10 Normally, the image obtained via the scanner 

does not take into account the required increase in 
volume of the bone. Since an image of the bone with 
the volume increase is required, said volume increase 
must be put in in the computer. 

15 According to a first embodiment, said volume in- 
crease is put in via digital processing of the digital 
scanner data. However, adjusting the digital scanner 
data so as to reckon with the required volume in- 
crease of the bone is a labour-intensive and arbitrary 

20 process, except in case of a unilateral defect. In the 
latter case, the computer can process the scanner 
data of the intact area digitally into a mirror image, 
such that the defect side, including the volume in- 
crease, is symmetrical to the intact side. 

25 According to another and simpler embodiment, 

the required volume increase of the bone is deter- 
mined before the scanning takes place. Use is hereby 
made of the fact that the prothesis of the patient al- 
ready forms a preliminary study of an ideal bone 

30 height, naturally including mucosa and tooth. The pro- 
thesis 3 is excavated on the basal side by means of 
milling up to about four millimetres of the outer edge. 
The thus obtained inner surface 4 then forms the re- 
quired perimeter for the bone raising. Said surface is 

35 covered with a contrast product such as for example 
gutta percha or iodine. 

Subsequently, the excavated space of the prothesis 
is f i lied again with a filling 5, such that the patient can 
support the prothesis again with the reabsorbed al- 

40 veolar arch. The prothesis is placed again before pro- 
ceeding to the scanning. The digital image of the 
scanner will now also make the outline 6 of the con- 
trast medium visible, as represented in figure 2. 
Finally, via digital processing, said outline 6 is 

45 digitally connected with the perimeter of the bone 1 as 
is represented by means of a dashed line in figure 2. 

According to both embodiments, a digital image 
of the bone 1 with the required volume increase is ob- 
tained. The corresponding digital information is used 

50 to make a morphological model 7. This model may be 
a stereolithographic model which provides an exact 
copy in synthetic resin of the bone surface to be treat- 
ed increased with the required increase in volume. 
However, also a milled model could be made. 

55 Subsequently, on the basis of the morphological 

model 7 is made a mould in a low-m Iting alloy such 
as for xample tin/bismuth. With the h Ip of this 
mould, a r latively stiff foil 8 of bio-compatibl mate- 
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rial, preferably of titanium, is provided in the required 
shape which corresponds to the perimeter of the re- 
quired volume increas for the bone. 

The mould can be either positive or negative, and 
the foil 8 can be put in shape by means of deep draw- 
ing or deep pressing or a combination of both meth- 
ods. The mould may contain a positive and a negative 
hard part, namely a round part 9 and a die 1 0. The die 
can also be made of rubber, which is better known as 
hydroforming. The foil 8 is put into shape between the 
parts 9 and 10. 

The required total pressure amounts to some 
1,000 bar. 

As already mentioned, the use of titanium offers 
certain advantages. When pure titanium foil is used, 
titanium of degree 1 is preferably used and a foil of 0.3 
mm thick. 

After it has been put into shape, the foil 8 is re- 
moved from the mould 9, 10 and put on the morpho- 
logical model 7 again so as to adjust the edges of the 
foil as a function of the contact with the bone 1 . 

The thus obtained foil forms the membrane 11. It 
is provided with small perforations on the edges so as 
to be able to fix titanium screws 12 to the patient's 
bone 1. 

Before applying the membrane 11 with the pa- 
tient, the outer layer of the bone is perforated in dif- 
ferent places so as to make sure that there is enough 
bleeding under the membrane, which is applied im- 
mediately afterwards and fixed to the bone 1 by 
means of the screws 1 2. 

It is possible to place one or several implants 13 
simultaneously with the membrane 11. These im- 
plants are fixed in the bone 1 before or after the mem- 
brane is applied in the bone. 

Figure 5 shows the membrane 11 with an implant 
13 after they have been fixed to the bone 1. By pro- 
viding an implant simultaneously with the membrane, 
the length and the place of said implant can be exact- 
ly determined during the scanning. The implant is 
then placed in the bone 1 at only a few millimetres. 
Around this implant 13, the regenerating bone will 
grow. Said bone will osteo-integrate with the implant. 

After a waiting period of about six months, the 
membrane 11 can be removed. The bone 1 has regen- 
erated in the meantime as represented in figure 6. 

By making use of a membrane 11 which is made 
before the surgery, the length of the surgery opera- 
tion is very short. The above-described method for 
the manufacture of the membrane provides a mem- 
brane which fits perfectly and which makes it possi- 
ble to obtain the ideal volume increase of the bone. 

The present invention is by no means limited to 
the above-described embodiments as represented in 
the drawings; on the contrary, such a method for the 
manufacture f a membrane for controlled bone re- 
generation can b made in all sorts of variants whil 
still remaining within the scope of the invention. 



In particular, the method is not restricted to the 
manufacture of membranes for the bone of a jaw. 
Membranes for bone regeneration in other places can 
be made according to the same method. 

5 Also, other bio-compatible materials than titani- 

um may be used for the relatively stiff foil, such as tet- 
rafluorethylene or polyurethane. 

Instead of stereolithography or milling, other so- 
called rapid prototyping or free form manufacturing 

10 techniques may be used to manufacture the morpho- 
logical model, such as e.g. fused deposition model- 
ling. 



15 Claims 

1. Method for manufacturing a membrane (11) for 
controlled bone regeneration at the height of a 
defect in the bone (1), characterized in that a dig- 

20 ital image is made of the bone showing the defect 

for which an increase in volume is required by 
means of a computer-controlled tomographic 
scanner, in that a morphologic model (7) is made 
of this image on the basis of the information ob- 

25 tained via the scanner, in that a corresponding 

mould (9,10) is made on the basis of said model 
(7) and in that, finally, a relatively stiff foil (8) is 
provided in the mould (9,10) and put in the re- 
quired shape with the help of the mould (9,10). 

30 

2. Method according to the above claim, character- 
ized in that the defect is scanned and in that an 
image of the bone (1) for which a volume increase 
is required is made by processing the digital data 

35 obtained via said scanning in a digital manner. 

3. Method according to the above claim, character- 
ized in that in case of a unilateral defect, the intact 
area is scanned and the digital data of the intact 

40 area obtained via this scanning are digitally proc- 

essed into a mirror image. 

4. Method according to claim 1, characterized in 
that in those cases where the patient has a dental 

45 prothesis (3), the required increase in volume of 

the bone (1) is determined before the bone show- 
ing the defect is scanned, in that the prothesis (3) 
is excavated on the basal side until the surface 
(4) of the excavation coincides with the perimeter 

so of the required increase in volume, in that said ex- 

cavation surface is covered with a contrast me- 
dium such that the perimeter of the required in- 
crease in volume is made visible by the scanner, 
and in that the outline (6) of the contrast medium 

55 is digitally connected with the bone perimeter via 

digital processing of th scanner data. 

5. Method according to the abov claim, character- 
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ized in that the excavation of the prothesis (3) is 
filled again before it is scanned and put in place 
again. 

6. Method according to any of the above claims, 
characterized in that the morphological model (7) 
for the manufacture of the mould (9,10), is made 
by means of rapid prototyping or free form man- 
ufacturing techniques. 

7. Method according to claim 6, characterized in 
that the model (7) for the manufacture of the 
mould (9,10) is made by stereolithography. 

8. Method according to claim 6, characterized in 15 
that the model (7) for the manufacture of the 
mould (9,10) is made by milling. 

9. Method according to any of the above claims, 
characterized in that as a foil (8) for the mem- 20 
brane (11) a foil is used made of either of the fol- 
lowing materials: titanium, polytetrafluoroethy- 
lene or polyurethane. 
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